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Acetaldehyde (AA), the major product of alcohol metabolism, has 
been shown to bind to proteins in vivo and form chemical adducts. 
These AA-protein adducts have been shown to alter protein structure 
and function and may result in tissue damage. Recent reports have 
shown that polyclonal antibodies can be produced that reeognize 
proteins modified in vitro with AA in the presence of sodium cyano- 
borohydride (NaCNBHJ, a strong reducing (R) agent. Antibodies 
prepared in this way have been shown to recognize proteins in the 
livers of rats fed alcohol chronically. Because multiple AA-protein 
adducts can be recognized by polyclonal antisera, and a variety of 
adducts may be iormed in vitro or in vivo, this study was designed 
to develop monoclonal antibodies specific for proteins modified by 
AA. in addition, adducts formed under R conditions are probably 
chemically different than those formed under nanreducing (NR) con¬ 
ditions, and monoclonal antibodies may provide the specificity re¬ 
quired to distinguish these chemical differences. Balb/c mice were 
immunized with bovine brain tubulin that was modified by treatment 
with 5 mu AA for 7 days under NR conditions. Sera from immunized 
animals were tested for antibody activity to the Immunogen (protein- 
NR) and for cross-reactivity to protein-R and unmodified protein. 
Although the highest serum antibody titers were seen toward the NR 
adduct, antibodies to the R adduct were also detected. This activity 
difference was independent of the carrier protein, because NR and 
R bovine serum albumin, keyhole limpet hemocyanin, and actin also 
gave similar results when used as the adducted protein. Surprisingly, 
all the monoclonal antibodies (RT1.1, RT1.2, RT1.3, and RT1.4) pro¬ 
duced by hybridomas generated from spleen cells from NR-tubulin 
immunized mice recognized the R and not the NR adduct. One of 
these hybridomas (RT1.1) produces an lgG2b antibody that reacts 
with all tested proteins that have been modified with AA under 
chemical R conditions. Because of its monoclonal specificity, this 
antibody may be useful in probing for the presence of R AA-protein 
adducts made both in vitro and in vivo. 

Keywords: Monoclonal Antibody, Acetaldehyde, Alcohol, Adduct, 
ELISA. 

T HE CHRONIC CONSUMPTION of alcoholic bever¬ 
ages is a major cause of serious liver disease. Although 
the etiology of alcohol-related liver disease is largely un¬ 
known, much evidence indicates that acetaldehyde (.AA), 
the major breakdown product of ethanol metabolism, may 
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cause injury to the liver, 1,2 as well as to other organs. 3 i 
Numerous in vitro studies have shown that AA can bind 
covalently to a variety of proteins'* -6 under physiological ■ 
conditions, resulting in the formation of protein AA- 
adducts that may interfere with the biological functions of j 
the modified protein. 7-9 A potential role of AA protein 
adducts in alcohol toxicity has been suggested, because j 
AA also has been shown to bind proteins in vivo. 10-13 ( 

It appears that the epsilon-amino group on lysine and f 

the amino group of N-terminal amino acids are the major 
sites of AA binding and adduct formation. 4,14,15 The bind- 
ing of AA to proteins under physiological conditions re¬ 
sults in the formation of two types of reaction products 4 

that have been classified as unstable and stable adducts. j 

The unstable adducts are mainly SchifF bases, which result , 

from the reaction of a carbonyl carbon with amino groups r 
and which readily dissociate when exposed to dialysis, gel , 
filtration, and treatment with weak acids and bases. 16 
However, they can be stabilized by converting them to t 
secondary amines by treatment with the strong reducing 
agent NaCNBH-,. These adducts have been shown to be « 
predominantly ethylated amines and are often referred to 
as reduced (R) AA adducts. 4,14,16 ? 

Stable adducts, on the other hand, are essentially irre¬ 
versible products that form in the absence of reducing * 
agents. 16 These adducts are distinctly different than the 
ethylated amino groups generated by the exposure of « 
Schiff bases to strong reducing agents and are called non- 
reduced (NR) adducts. It has been suggested that the AA a 
modification of normal proteins by either of these two 
methods may result in the stimulation of T-cell and anti- « 
body responses. 17-21 

Most studies to date have used antibodies with activity * 
to AA adducts that were prepared under conditions Favor¬ 
ing the formation of R-AA adducts. 11-13 Additionally, a 
these antibodies are polyclonal and probably recognize 
more than one AA-protein adduct epitope. The one re- e 
ported monoclonal antibody to AA-protein adducts is of 
the IgE isotype, 22 but its utility in immune-based assays «■ 
may be limited. However, the use of monoclonal antibod¬ 
ies may be useful in detecting the presence or absence of * 
unique AA-protein adducts to determine the role of these 
adducts in alcohol liver disease. This study reports on a * 
group of monoclonal antibodies that recognize all AA- 
protein adducts prepared under R conditions. One selected * 
monoclonal antibody is of the IgG2b isotype and can be 
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easily used to probe for the presence of R AA-protein 
adducts. 

MATERIALS AND METHODS 

Antigen Preparation 

Bovine brain tubulin was prepared by the method of Shelanski etal., 23 
and rabbit' muscle actin was prepared as described by Carsten and 
Mommsens. 24 The purity of these proteins was routinely monitored 
using SDS-PAGE 23 and exceeded 98%. Bovine serum albumin (BSA) 
(crystallized, lyophilized, and fatty acid free), and keyhole limpet hemo- 
cyanin (KLH) were purchased from C-albiochem (San Diego, CA). Mouse 
plasma proteins, tat plasma proteins, and rabbit plasma proteins were 
prepared by ammonium sulfate precipitation (70% final) for 4 hr at 4"C 
and pelleting at 10,000 x g in a Beckman JA-21 rotor for 20 min. The 
supernatants were removed, the pellet resolubilized in double-distilled 
deionized water, and dialyzed against three changes of phosphate-buff¬ 
ered saline (PBS). Ail protein concentrations were determined by the 
method of Lowry et al. 26 

Proteins were labeled with AA using methods previously described. 22 
For the preparation of AA-modified proteins under R conditions, 120 fil 
of 300 bm NaCNBH 3 (30 nu final), 60 of 100 mu AA (5 mu final), 
and 20 jil of PBS were added sequentially to 1 ml of protein (1.2 mg/ml 
in PBS). Both the AA and NaCNBHj were purchased from Aldrich 
Chemical Co. (Milwaukee, Wl) and used fresh. Proteins were modified 
under NR conditions by the addition of 120 pi of 50 iaM AA (5 mti 
final) and 80 pi of PBS to 1 ml of protein (1.2 mg/ml). The R protein 
solution was incubated at 37°C overnight, dialyzed against three changes 
of PBS for 8 hr, and used for coating ELISA plates or in immunizations. 
The NR protein solution was incubated at 37°C for 5 days, dialyzed 
against three changes of PBS for 8 hr, and used as previously described. 
.All antigens were prepared fresh, because storage at 4'C can result in loss 
of antigenicity (data not shown), perhaps due to cross-linking and pre¬ 
cipitation of AA-protein adducts with storage. 28-30 In some assays, cro- 
tonaldehyde, butyraldehyde, or propioaldehyde (Aldrich Chemical, Co., 
Milwaukee, Wl) modified proteins were used that were prepared by the 
same methods as those performed for AA and at the same concentrations. 


Monoclonal Antibody Production 

Immunizations. Balb/c mice were obtained from the National Cancer 
institute via an interagency agreement with the Veteran's Administration 
and maintained on water and laboratory chow ad libitum. The mice 
were quarantined immediately on arrival and monitored on a monthly 
basis to ensure specific pathogen-free status. Five mice were injected 
intraperitoneally over a period of 6 weeks with 25 /rg of tubulin modified 
with AA under NR conditions in Freund’s complete (week I) or Freund’s 
incomplete (weeks 3 and 5) adjuvant. At weeks 4 and 6, the animals 
were bled by retro-orbital sinus puncture, serum was obtained and tested 
against unmodified, NR- and R-AA-modified protein adducts of tubulin, 
KLH, BSA, and actin in an ELISA. 

Fusions. Spleens from animals whose serum showed antibody to NR- 
and R-AA modified proteins were removed and homogenized in a 
Stomacher Lab Blender 80 (Tekmar Company, Cincinnati, OH). A single 
cell suspension was prepared and mixed with an equal concentration of 
the mouse myeloma F3.NS-1-AG4-1 (ATCC, Bethesda, MD). Using the 
method of Kohler and Milstein, 31 these cells were fused and put in 96- 
well plates at 1 x 10 3 cells/well. Selection was performed using hypoxan- 
thine-aminopterine-thymidine (HAT) followed by hypoxanthine-thymi- 
dine (HT) in the media. Wells were monitored for growth and tested for 
positivity to native, NR, and R proteins using an ELISA system. Positive 
wells were subcloned twice, using limiting dilution, to ensure mono- 
clonality. Additionally, three separate fusions with over 1500 wells for 
each fusion were performed to obtain the hybridomas utilized in this 
study. 


Antibody Isotyping 

An antigen capture technique was utilized to determine the class and 
subclass of immunoglobulin of the monoclonal antibodies produced. 
Briefly, rabbit antimouse IgM, IgGl, IgG2a, IgG2b, or IgG3 (affinity- 
purified; 1 mg/ml; Zymed Laboratories, Inc., South San Francisco, CA) 
were diluted 1:500 in bicarbonate buffer (coating buffer), 100 gl added 
to the appropriate wells of an ELISA plate (Immulon II, Nunc, Fisher 
Scientific), and allowed to set overnight at 37°C. The plates were then 
blocked with 200 pi of 1 % normal goat serum in PBS-Tween 20 for 2 
hr, washed three times with PBS-Tween 20 and monoclonal supernatant 
(10C pi), or 100 pi of appropriately diluted myeloma proteins (Sigma 
Chemical Co., St. Louis, MO) was added to the differently coated wells. 
The plates were incubated at 37°C for 45 min; washed three times with 
PBS-Tween 20; and 100 pi of alkaline-phosphatase-labeled rabbit anti¬ 
mouse IgG, IgM, and IgA (H&L) (Zymed Laboratories) diluted 1:1000 
in PBS-Tween 20 was added. Following incubation at 37"C for 45 rain, 
the plates were washed three times with PBS-Tween 20 and 100 p\ of 
substrate was added. The color change was monitored by a Dynatech 
MicroELISA Reader MR600 (Dynatech, Chantilly, VA) at 405 nm. 
Wells were considered positive for antibody when the optical density 
(OD) of test sample was 0.1 OD units greater than when tested on a 
second antibody control well. This procedure was also utilized to quan¬ 
titate the concentration of the antibodies in solution by plotting known 
concentrations of the myeloma proteins against their corresponding OD. 
Unknown sample concentrations were then extrapolated from their 
observed OD. 

Antibody Activity to Modified Proteins 

Unmodified and modified proteins to be tested were diluted to 20 p%j 
ml in bicarbonate coating buffer (pH 9.6) and the ELISA plates coated 
overnight at 37“C with 100 pi of the test protein. To the plates, 100 of 
either serum or monoclonal supernatant was added and the plate(s) 
incubated at 37°C for 45 rain. The plates were washed three times with 
PBS-Tween 20 and 100 gl of alkaline phosphatase-labeled rabbit anti¬ 
mouse IgG, IgM, and IgA (H&L) was added. Following a 45-minute 
incubation at 37°C, the plates were washed three times with PBS-Tween 
20 and 100 gsl of substrate added. The plates were monitored as described, 
and wells were considered positive when the difference between the OD 
on the modified protein and the corresponding native protein was >0.1. 
Equal binding of unmodified and modified proteins to ELISA plates was 
confirmed by me of polyclonal antibodies to the unmodified protein. All 
plates were coated with the same amount of protein. 

Preparation of Rabbit Polyclonal Antibody to AA-Protein Adducts 

A rabbit polyclonal antibody was made to AA-protein adducts by the 
method of Worrall et al. 12 Briefly, 8 mg/ml of rabbit plasma proteins 
was incubated with an equal volume of 480 him AA for 1 hr at room 
temperature and NaCNBHi (100 elm) added for 30 min. The protein 
was dialyzed overnight, emulsified in Freund’s complete adjuvant, and 
injected intradermally. The animals were boosted twice more over a 4- 
week period using the same protein adduct prepared previously but in 
Freund’s incomplete adjuvant. The animals were bled and serum tested 
against our panel of AA-protein adducts, and pair-fed or alcohol-fed rat 
liver cytosols. 

Ethanol-Fed Rat Livers 

Male Sprague-Dawley rats (140-150 g) were maintained on a liquid 
diet containing ethanol as 36% of caloric intake. These rats were pair- 
fed with rats receiving the liquid control diet, where the ethanol was 
replaced isocalorically with carbohydrate for up to 8 weeks as previously 
described. 32 The rats were killed and livers obtained and frozen at -70"C, 
Cytosol and membrane fractions were prepared by the method of Touster 
et al. 33 Briefly, liver cytosols were prepared by homogenizing the thawed 
livers in a Dounce homogenizer with 2-3 ml of PBS. The homogenates 
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were centrifuged in a Beckman JA-21 ultracentrifuge (Beckman Instru¬ 
ments, Palo Alto, CA) at 10,000 X g for 20 min to remove membranes. 
The supernatants were further centrifuged at 100,000 X g for 1 hr in a 
Beckman ultracentrifiige to obtain predominandy cytosolic proteins. 
Protein content of the supernatants was determined by the method of 
Lowry et al, ls and then stored frozen at —70*C until used. One hundred 
fil of the cytosol proteins at 200 fig /ml was coated onto wells of Immulon 
II ELISA plates in bicarbonate buffer and used to test antisera or 
monoclonal antibody reactivities. 

Quantification of Aldehyde Adducts on BSA Protein 

The number of adducts formed for each aldehyde agent studied was 
determined by measuring the incorporation of 3 H from NaCNBEb as 
previously described. 27 Incubation conditions included 5 mM aldehyde 
species with 30 mM [ 3 H JNaCNBHj. The number of adducts formed were 
relatively expressed as qm 3 H incoiporated/mg of protein. 

Data Analysis 

Data were analyzed using either ABStat (AndersonBell) or SigmaPSot 
(Jandel Scientific) computer programs. Because relative ODs vary sub¬ 
stantially between ELISA assays, the data presented are the average of 
triplicate wells of a representative experiment. All experiments involving 
ELISAs have been repeated at least three times with similar results. 

RESULTS 

Reactivity of Polyclonal Antibody 

The antibody titers of mice immunized with NR-mod- 
ified tubulin to either native, NR, or R tubulin showed no 
observed differences, because all antibody activity was 
essentially due to reactivity to native tubulin (Table 1). To 
avoid the detection of antibody activity specific for the 
carrier protein (tubulin) and enhance the detection of 
antibody to the NR and/or R adducts, the antisera were 
tested using actin, BSA, or KLH as the carrier. As ex¬ 
pected, the highest antibody titers were to NR adducts on 
the protein. However, significant activity to the R adduct 
(at ~ l h the titer to NR) was also observed (Table 1). 

Reactivity of Monoclonal Antibody to AA-Modified 
Proteins 

Hybridoma supernatants were screened for activity to 
native proteins and proteins modified with AA under NR 
or R conditions. Only activity to the R protein adducts 
were observed, even though three separate fusions were 
made and over 4500 potential hybridomas screened. A 
variety of reaction patterns were observed. Clone 4G12 
reacted with only R-tubulin, whereas 1H12 and 4E12 


T«We 1. PolydonaJ Antibody Response to Proteins Modified with AA Under 
Reducing and Nanreducing Conditions 


Antigen 

AA-modified proteins 

— 

Native 

NR 

R 

Tubulin 

>2560 

>2560 

>2560 


Actin 

20 

1280 

320 


BSA 

10 

320 

160 


KLH 

40 

640 

320 



Mice were irninunized with NR tubulin. Values represent the reciprocal of the 
highest dilution that demonstrated a relative OD of >0.100. 


reacted with all proteins prepared under R conditions 
except tubulin, the carrier protein used for immunization 
(Table 2). In contrast, the clone 2H10 reacted with only 
BSA and KLH prepared under R conditions. Thus, there 
are some clones that appear to show some carrier specific¬ 
ity. However, clone 2D2 was chosen for its broad reactivity 
to virtually all proteins prepared under R conditions and 
was subcloned. These subclones of 2D2 were renamed to 
reflect the antigen detected; RT1.X (Reduced Tubulin 
1 .X, where X is the number of the subclone). 

Reactivity of Monoclonal Antibodies to Proteins Modified 
with Other Aldehydes 

Four subclones of 2D2 (RT1.1, RT1.2, RT1.3, and 
RTL4) were shown to have different activities to tubulin 
modified with AA when compared to proteins modified 
with other species (Table 3). Ail four subclones reacted 
with AA adducts on tubulin prepared under R conditions 
with minimal binding to propioaldehyde adducts prepared 
under these same conditions. None of these subclones 
reacted to butyraldehyde or crotonaldehyde adducts pre¬ 
pared under R conditions. Similar results were observed 
when actin, BSA, or KLH were used as carrier proteins. 
The clone RT1.3 did not react with actin, BSA, or KLH 
modified with AA under reducing, suggesting this clone 
was carrier-specific. Similarly, RT1.4 was shown to bind 
to all proteins modified with AA under reducing condi¬ 
tions, but at a much lesser degree on actin, BSA, and 
KLH—again suggesting a degree of carrier specificity. 
RT1.1 and RT1.2 are specific for AA-modified proteins 
prepared under R conditions and are not carrier-depend¬ 
ent (Table 3). RT1.1 was chosen for future studies due to 
its rapid growth and antibody production rates. Addition¬ 
ally, the reactivity of RT1.1 and RT1.2 to the different 
aldehydes was dependent on the size of the side chains as 
evidenced by primary activity on AA minimal activity on 
propioaldehyde, and no activity to butyraldehyde or cro¬ 
tonaldehyde. 

To answer the question of differences in epitope density 
formed by the various aldehyde species, the amount of 3 H 
incorporation from NaCNBH 3 was determined. As can be 
seen from Fig. 1, there were no significant differences 
observed between the number of epitopes formed by each 
aldehyde. These data demonstrate that the difference in 
the binding of RT1.1 to various BSA-aldehyde adducts is 
due to epitope specificity differences and is not simply due 
to the quantitative changes in adduct number. 

Specificity and Sensitivity ofRTl.l to Different Protein 
Carriers 

RT1.1 reacted with a wide variety of proteins modified 
with AA under R conditions in vitro, further demonstrat¬ 
ing that it is not carrier-dependent (Fig. 2). However, it 
was not possible to assess mouse liver cytosol or plasma, 
because these preparations had endogenous IgG present 
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Table 2. Activity of Monoclonal and Rabbit Polycfona! Antibodies to Proteins Prepared Under Reducing and Nonreducing Conditions 


Protein assayed 


1 

« 

; MoAb clone no. 

lg isotypo 

M 

modification 

BSA 

KLH 

Tubulin 

Aciln 


1 1H12 

fgG2b 

R 

0.120' 

0.234 

0.000 

0.120 


1 


NR 

0.004 

0.003 

o.ooa 



[ - 2D2t 

!gG2b 

R 

0.110 

0.134 

0.660 

0.320 




NR 

0.002 

0.007 

0.006 

0,003 


2H10 

[gG2b 

R 

0.950 

0.100 

0.000 

0.000 


. 


NR 

0.010 

0.005 

0.008 

0.013 


♦ 4E12 

igG2b 

R 

0.100 

0.140 

0.000 

0.120 




NR 

0.006 

0.008 

0.010 



1 4G12 

igGi 

R 

0.000 

0.000 

0.150 

0.000 




NR 

0.000 

0.001 

0.001 

0.003 


Babbit 

Polyclonal 

R 

1.513 

1.714 

2.000 

_ 2.000 


1 


NR 

0.936 

0.851 

1.050 

1.236 



Monoclonal supernatants from early passage clones were assayed at a 1:4 dilution, the rabbit pdydonal antibody at 1:500. MoAb, monoclonal antibody. 
* Relative OD — optical density on the protein-R or protein-NR minus the optical density on the protein-native. 
fThis clone was chosen and renamed RT1. 
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Table 3. Activity of Specific RT1 Subclones (2D2) on Aldehyde-Modified Tubulin, Actin, BSA, and KLH Prepared Under Reducing Conditions 


Antibody bound to aldehyde-protein adduct 


S libel one 

Isotype 

Carrier 

Acetaldehyde 

(ng) 

Propioaidehyde 

(ng) 

Butyraldehyde 

(ng) 

Crotonaldehyde 

(ng) 

RTl.l 

lgG2b 

Tubulin 

1153’ 

26 

<10 

<10 



Actin 

776 

224 

<10 

<10 



BSA 

1295 

136 

<10 

<10 



KLH 

1244 

380 

<10 

<10 

RT1.2 

lgG2b 

Tubulin 

1026 

21 

<10 

<10 



Actin 

1099 

273 

<10 

<10 



BSA 

1491 

256 

<10 

<10 



KLH 

996 

101 

<10 

<10 

RT1.3 

lgG2b 

Tubulin 

1048 

<10 

<10 

<10 



Actin 

<10 

<10 

42 

<10 



BSA 

<10 

<10 

<10 

<10 



KLH 

<10 

<10 

<10 

<10 

RT1.4 

lgG2b 

Tubulin 

1031 

17 

<10 

<10 



Actin 

212 

<10 

<10 

<10 



BSA 

363 

<10 

<10 

<10 



KLH 

134 

<10 

<10 

<10 


Results are the average of duplicate wells from three different assays. 

* 2000 ng of each monoclonal antibody was added to a uniform amount of protein bound to an ELISA plate. Quantification of toe amount of antibody bound was 
determined by extrapolation from a standard curve generated by dilution for toe appropriate isotype {mouse !gG2b). 


resulting in high backgrounds by the second antibody only. 
The sensitivity of this assay was determined by coating 
plates with different concentrations of BSA-R and probing 
with RTl.l (Fig. 3). From the standard curve, it was 
possible to determine that the sensitivity of this assay is as 
little as 10 ng/ml (8.7 pM of R AA epitope). 

The sensitivity of these assays has been increased 2- to 
3-fold with a specific second antibody, with no subsequent 
increase in backgrounds (Fig. 4). This increase in sensitiv¬ 
ity will greatly facilitate the detection of R AA adducts on 
both in vitro and in vivo modified proteins. Additionally, 
the lack of increases in background greatly enhances the 
use of this monoclonal antibody. All subsequent studies 
now utilize this assay system, thereby efficiently detecting 
RTl.l in all immune-based assays. 

Rabbit Polyclonal Antibody Response to AA-Protein 
Adducts 

The rabbit polyclonal antibody detected both NR and 
R AA-protein adducts (Table 2). These results would 


suggest that this polyclonal antibody recognizes several 
AA-protein adducts and that there are differences between 
NR and R adducts, because RTl.l only detects the R 
adduct, whereas the rabbit polyclonal recognizes both. 

Activity of Antibodies to Rat Liver Cytosols 

Cytosol preparations of the livers from alcohol-fed rats 
contained adducts that were detected by a rabbit poly¬ 
clonal antibody raised against AA-modified proteins (Fig. 
5). However, RT1.1 did not detect AA-protein adducts in 
the cytosols from livers of either alcohol-fed rats or their 
pair-fed controls. The polyclonal antisera recognizes AA 
adduct epitopes made under both in vitro R and NR 
conditions, whereas RTl.l recognizes an epitope unique 
to the R AA protein prepared in vitro. This would suggest 
that at least one AA-protein adduct made under in vitro 
reducing conditions is not formed in vivo following alco¬ 
hol ingestion. 

To answer the question of whether our assay system 
was sensitive enough to detect binding of RTl.l to epi- 
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AA PA BA 

ALDEHYDE MODIFICATION OF BSA 


Fig. 1. Relative amount of aWehytfe-BSA adducts formed under reducing con¬ 
ditions. The mean ± se of 3 H incorporation from NaCNBH 3 when adducts of BSA 
were formed with AA, propionaldehyde (PA), or butyraldehyde (BA)/mg under 
reducing conditions. 

co 
z: 



0.0 0-6 1.2 1.8 2.4 .. 3.0 

GEOMETRIC MEAN ANTIBODY TITER 


Fig. 2. Reactivity of RT1.1 to different proteins modified in vitro under reducing 
conditions. The different proteins are plotted against their geometric mean antibody 
titer from the same lot of purified RT1.1; RtPP, rat plasma protein; RtLC T rat liver 
cytosol; RfaPP, rabbit plasma protein; and RbLC, rabbit liver cytosol. 


0 1 2 3 4 5 

Concentration of BSA-R (ug/ml) 

Fig. 3. Reactivity of RT1.1 to ELISA plates coated at different concentrations 
(^g/ml) with BSA-R. RT1.1 was diluted to 50 mg/ml and the OD recorded against 
the concentration of BSA-R added to each welt. Points represent the average of 
triplicate wells. 



Fig. 4. Activity of purified RT1.1 on BSA-R coated plates (2 pg/well) using 
alkaline phosphatase-labeled rabbit antimouse IgG, JgM, and IgA (H&L) at 1:1000 
dilution (V) or Rb x MS lgG2b (1 ;2Q0G) followed by alkaline phosphatase-fabeled 
goat antirapbit IgG (H&L) at 1:1000 dilution (•). The ODs reported are the 
differences between the activities on BSA-R and BSA native protein. Using an 
isotype control 0gG2b myeloma), no nonspecific binding was observed. 
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topes in rat liver cytosols, BSA-R was added at different 
concentrations prior to coating the plates. By this method 
it was possible to determine that the minimum detectable 
level of R-AA-protein adducts in control cytosol was 79 
pM of R-AA-epitope. Similarly, 94 pM of R-AA-epitopes 
was the minimum detectable level when BSA-R was added 
to alcohol-fed rat liver cytosol. Therefore, these data would 
suggest that RT1.1 should bind its same epitope if in 
alcohol-fed rat livers, This is supported by data from 
alcohol-fed rat liver cytosols spiked with BSA-R that dem¬ 


onstrated the extreme sensitivity of the assay, and the lack « 

of substances that could interfere with RTL1 binding. 

DISCUSSION 

a 

These data have shown that it is possible to produce a 
monoclonal antibody that is specific for proteins modified * 
with AA under the reducing conditions utilized in this 
study. The RT1.1 clone was chosen because it bound to a *'» 

broad spectrum of proteins modified with AA under R 

c* 
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Fig. 5. Reactivity of RT1.1 (•} arid a rabbit polyclonal antibody (O) to pair-fed 
and alcohol-fed rat liver cytosols. The rabbit polyclonal was diluted 1:50 and RT1.1 
1:2, and 2-fofd dilutions were performed. Differences in the OD reading on afcohol- 
fed and pair-fed rat livers are plotted against the dilution. 

conditions and, thus, is carrier protein-independent. Ad¬ 
ditionally, in data not shown here, RTl.l also reacts with 
proteins modified by methods using higher concentrations 
of AA and NaCNBHj utilized by other investigators. 12 
Because of its unique specificity, RTl.l may be utilized 
to characterize better the types of adducts formed when 
AA binds to proteins under other conditions of chemical 
reduction. 

Other monoclonal antibody clones were produced that 
recognized different epitopes associated with R adducts. 
For example, the clone 4G12 recognized only actin-R 
adducts and not tubulin-R. Thus, some AA-protein adduct 
epitopes appear to be carrier-specific, whereas others are 
not. Another problem evident in the specificity pattern of 
clone 4G12 is that the antibody does not bind to the 
immunizing antigen (tubulin adducts). Possible explana¬ 
tions could include masking of the tubulin-AA adduct 
epitopes during the binding to the ELISA plate, or signif¬ 
icant differences in epitope density between actin-AA 
adduct and the tubulin-AA adduct conjugates. Another 
explanation is suggested by recent data that show antibod¬ 
ies to the R adducts exist naturally in humans, horses, 
cows, rats, and mice (unpublished observations). This 
observation is consistent with earlier studies that demon¬ 
strated the presence of low levels of antibodies to proteins 
modified under R conditions in normal human controls 
and at higher levels in patients with alcohol liver 
disease. 34 ' 36 Therefore, it is possible that some of these 
hybridomas could have been produced by the fusion of a 
naturally occurring B-cell having specificity to R adducts 
with the myeloma cell line. Nevertheless, the strength of 
the RTl.l monoclonal antibody is its broad reactivity 
with all proteins modified with AA under at least two 
different in vitro R conditions. 
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One of the most surprising findings was that RTl.l did 
not recognize the original NR protein adduct the mouse 
was immunized with. An explanation for the production 
of an antibody to a R adduct following immunization 
with NR-tubulin may be that the R-AA-epitope is present 
on proteins prepared under NR conditions. However, this 
is probably not the case, because RTl.l never binds to 
any protein modified under NR conditions. Furthermore,, 
the sensitivity testing performed in this study suggests that, 
if the epitope was present, it should have been detected by 
this antibody. The use of isotype-specific secondary anti¬ 
sera (rabbit anti-IgG2b) has increased the sensitivity of the 
ELISA 2- to 3-fold without any detectable binding of 
RTl.l to NR proteins. However, the rabbit polyclonal 
antibody we developed detected both NR and R adducts 
in vivo, demonstrating that the NR- and R-AA adducts 
are very distinct from one another and that only one 
adduct species (NR or R) is made under the conditions 
used herein. 

Another possibility is that the NR adduct may be mod¬ 
ified in vivo to express epitopes seen on R-AA-protein 
adducts. Although Tuma et al. 16 have shown that the NR- 
AA adduct is stable and cannot be readily modified in 
vitro by the reducing agent NaCNBHj, this does not 
necessarily mean that modification does not occur by 
macrophages during antigen processing or presentation. 
Hepatocytes or KupfTer cells could also modify the NR- 
AA adduct to look like the R-AA by some undescribed 
mechanism. 

The finding that a monoclonal antibody could not be 
produced to the NR protein adducts, when a polyclonal 
antibody could be, is of extreme importance. This oc¬ 
curred despite performing three different fusions (4500 
wells). It is possible that there was poor fusion rates or 
that the clones were unstable. However, from each of these 
three fusions, large numbers (50-100) of hybridomas pro* 
during antibodies that recognized the R AA-protein ad¬ 
duct were generated. It would seem unlikely that only the 
hybridomas that produced antibodies to the NR-AA- 
protein adduct were unstable. It is more probable that 
there is more than one type of AA adduct formed under 
NR conditions, each with a low epitope density on the 
modified protein. The polyclonal response would detect 
all of these adducts giving a positive result by ELISA. 
Monoclonal antibodies may only bind a small percentage 
of the total number of epitopes and thereby avoid detec¬ 
tion in the in vitro assay system. Further development and 
characterization of monoclonal and polyclonal antibodies 
that recognize NR adduct epitopes are currently under 
investigation. 

Primary work by other investigators have utilized rabbit 
polyclonal antibodies and demonstrated the presence of 
an antigen in the livers of alcohol-fed rats, but not in pair- 
fed controls. 12,37 ’ 38 Lin et al. 37 have shown the presence of 
a 37 kDa liver protein adduct that appears to form in vivo 
during chronic alcohol ingestion when using their anti- 
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bodies. Other investigators have shown the presence of P- 
45011E1 adduct. 38 In contrast, Worrall et al. 12 have shown 
their antibody will bind to a large number of proteins in 
alcohol-fed rat livers. In these experiments presented 
herein, a rabbit polyclonal was prepared in a similar 
method as Worrall et al. 12 This antibody reacted with 
alcohol-fed rat liver cytosols and not pair-fed controls in 
an ELISA system. However, RT1.1 did not react in this 
system and would suggest that the reduced AA-protein 
adduct it recognizes is not present. This information would 
be interpreted to mean that the R-AA adduct produced 
under two different conditions, and capable of being de¬ 
tected on any protein modified in this manner, is not 
present following chronic alcohol ingestion in rats. 

This is not due to a sensitivity problem as studies 
reported herein suggest the limits of detection by RT i. 1 
to be as low as 79 pM of R-AA-epitope. 

This study reports on a monoclonal antibody to proteins 
modified with AA under R conditions. Its method of 
production and the results shown herein suggest that the 
problem of detecting protein-AA adducts is more complex 
than originally anticipated. It has become apparent thai 
there is more than one type of AA adduct present in most 
of the in vitro preparations previously reported in the 
literature. The use of monoclonal antibodies that recog¬ 
nize unique and specific AA-adduct species will allow new 
approaches to the study of alcohol-induced tissue damage 
by documenting which types of adducts are present or 
absent following modification with AA under different in 
vitro and in vivo conditions. 
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